
ADAPTIVE TIME-FILTERING FOR CHANNEL ESTIMATION IN OFDM
SYSTEM Claim of Priority under 35 U.S.C. 119 [0001]
This application claims the benefit of U.S.
Provisional Application No. 60/669,683 filed April 7,
2005, titled "ADAPTIVE TIME-FILTERING FOR CHANNEL
ESTIMATION IN OFDM SYSTEMS", hereby incorporated
herein by reference in its entirety. BACKGROUND OF THE
INVENTION [0002] Wireless communication systems allow
communication links to be established between devices
at relatively large distances without the need for a
wired infrastructure linking the devices. A wireless
communication system can allow a communication link to
be established from virtually any location. A number
of operating conditions may affect the signal quality
for any particular wireless communication link. Some
factors include distance, topology of the landscape
and surrounding areas, weather conditions, potential
interference sources, as well as other external
conditions over which the participants in a wireless
communication link typically have little control.
Multiple devices of a particular wireless
communication link may be optimized for a typical
operating environment, taking into account the effects
of various operating conditions and the probability
that any individual device will experience those
operating conditions. For example, consumer
communication devices may be optimized for a typical
operating environment. In other wireless communication
systems, a particular wireless communication link may
be optimized for particular operating conditions. For
example, a point-to-point microwave communication link
may be optimized for parameters affected by geography
or potential interference sources. [0003] However, in
a wireless communication system, one or more of the
communication devices participating in a communication
link may be a portable or otherwise mobile device. As
such, the operating conditions experienced by the
mobile communication device will vary over time, and
may vary significantly over the course of a
communication session. Additionally, mobility may
itself contribute to operating conditions that need to
be considered by the communication devices. Mobility
of one 



communication device participating in a wireless
communication link will be seen by allparticipants as
a relative velocity, contributing to a Doppler shift
of the signals communicated between the participants.
[0004] It is desirable to optimize a wireless
communication device over all operating conditions.
Additionally, it may be advantageous to optimize the
operation of each wireless communication device
without adversely affecting the operation of any other
communication devices that may not even be
participating in the same communication link. BRIEF
SUMMARY OF THE INVENTION [0005] Time filtering channel
estimates in a wireless communication system, such as
an Orthogonal Frequency Division Multiplex (OFDM)
system, can be used to improve the quality of channel
estimates. The characteristics of an optimal channel
estimate time filter can depend on the manner in which
the channel estimate is determined as well as the time
correlation of channel estimates. A receiver can
implement an adaptive time filter for channel
estimates in which the time filter response can vary
based on channel estimate parameters. The channel
estimate parameters can include the manner of
determining channel estimates, a time correlation of
channel estimates, and an estimated Doppler spread.
The time filter response can be varied continuously
over a range of responses or can be varied discretely
over a predetermined number of time filter responses.
[0006] Disclosed is an embodiment of a method of
optimizing channel estimates for decoding signals from
a communication link in a wireless communication
system. The method includes determining a channel
variation. The method also includes varying a channel
estimate time filter characteristic based in part on
the channel variation, and filtering at least one
channel estimate according to the channel estimate
time filter characteristic. [0007] Disclosed is
another embodiment of a method of optimizing channel
estimates for decoding signals from a communication
link in a wireless communication system. The method
includes filtering a channel estimate using each of a
plurality of channel estimation time filters to
generate a plurality of time filtered channel
estimates, selecting one of the plurality of channel
estimation time filters, and decoding a received
symbol 



using a time filtered channel estimate from the
selected one of the plurality of channel estimation
time filters.[0008] Also disclosed is an embodiment of
a method of optimizing channel estimates for decoding
signals from a communication link in a wireless
communication system. The method includes receiving an
Orthogonal Frequency Division Multiplex (OFDM) symbol
comprising at least one pilot subcarrier, converting
the received symbol to a plurality of subcarriers,
extracting at least one pilot subcarrier corresponding
to the pilot. The method further includes determining
a channel estimate based at least in part on the at
least one pilot subcarrier, determining a channel
variation based on the channel estimate, controlling a
time filter to provide a channel estimate time filter
response based on the channel variation, and filtering
the channel estimate with the time filter. [0009] Also
disclosed is an embodiment of an apparatus for
optimizing channel estimates for decoding signals from
a communication link in a wireless communication
system. The apparatus includes a receiver front end
configured to receive a symbol over the communication
link, a channel estimator coupled to the receiver and
configured to determine a channel estimate based on
the received symbol, an adaptive time filter coupled
to the channel estimator and configured to time filter
the channel estimate, and a switching criteria module
coupled to the adaptive time filter and configured to
control a time filtering characteristic of the
adaptive time filter. [0010] Disclosed is an
embodiment of an apparatus for optimizing channel
estimates for decoding signals from a communication
link in a wireless communication system. The apparatus
includes a first transform module configured to
transform a plurality of time domain samples to a
plurality of frequency domain subcarriers, a channel
estimator coupled to the first transform module and
configured to operate on a first subset of the
frequency domain subcarriers to generate a channel
estimate, an adaptive time filter coupled to the
channel estimator and configured to time filter the
channel estimate to produce a time filtered channel
estimate, a switching criteria module configured to
determine an operating condition and control a time
filtering characteristic of the adaptive time filter,
a data extraction module coupled to the first
transform module and configured to extract a second
subset of the plurality of frequency domain
subcarriers corresponding to data subcarriers, and a
demodulator coupled to the data extraction 



module and the adaptive time filter and configured to
demodulate the data subcarriers using the time
filtered channel estimate.BRIEF DESCRIPTION OF THE
DRAWINGS [0011] The features, objects, and advantages
of embodiments of the disclosure will become more
apparent from the detailed description set forth below
when taken in conjunction with the drawings, in which
like elements bear like reference numerals. [0012]
Figure 1 is a simplified functional block diagram of
an embodiment of a wireless communication system.
[0013] Figure 2 is a simplified functional block
diagram of an embodiment of a receiver with adaptive
channel estimate time filtering. [0014] Figure 3 is a
simplified functional block diagram of an embodiment
of a portion of an OFDM receiver with adaptive channel
estimate time filtering. [0015] Figures 4A-4B are
simplified functional block diagrams of embodiments of
adaptive time filters. [0016] Figure 5 is a simplified
flow chart of an embodiment of a method of adaptive
time filtering of channel estimates. DETAILED
DESCRIPTION OF THE INVENTION [0017] A wireless
receiver can estimate the wireless channel and use the
channel estimate when demodulating the received
signal. A time filter can be used to filter a
plurality of channel estimates. The time filter can be
an adaptive filter, and the adaptive filter response
can be varied depending on one or more parameters. The
one or more parameters can include discrete commands
or instructions, such as software instructions,
receiver modes, or other discrete parameters or
combination of discrete parameters. The one or more
parameters can be determined dynamically, and can
include parameters such as channel estimate
correlation, receiver Doppler spread, or other dynamic
parameters or combinations of dynamic parameters. In
other embodiments, the parameters can include one or
more discrete parameters combined with one or more
dynamic parameters. [0018] The adaptive filter can be
implemented with a continuously variable response, a
predetermined number of discrete responses, or a
combination of continuously variable response over one
or more ranges in combination with one or more
discrete filter 



responses. Where a plurality of predetermined discrete
filter responses are implemented within the receiver,
the receiver can process received signals through
parallel signal paths, with each signal path
corresponding to one of the plurality of predetermined
discrete filter responses. The receiver can then
select one filter output from the pluralityof filter
responses. In another embodiment, the receiver can
configure the time filter to one or a plurality of
filter responses based on the parameters. For example,
the receiver can select a tap length and set of filter
tap weights from a predetermined number of filter
responses. In another embodiment, the receiver can be
configured to vary a filter response, for example, by
varying one or more filter tap weights over a
continuously variable range. [0019] Figure 1 is a
functional block diagram of an embodiment of a
wireless communication system 100 having communication
devices with receivers that implement adaptive
filtering of channel estimates. The system includes
one or more fixed elements that can be in
communication with a plurality of user terminals 110a-
HOb. Although only two user terminals HOa and 110b are
depicted in the system 100, it is generally understood
that the wireless communication system 100 can
typically communicate with greater than two user
terminals 110a and 110b. [0020] Each of the user
terminals HOa-llOb can be, for example, a wireless
communication device such as a wireless telephone
configured to operate according to one or more
communication standards. The user terminal, for
example 110a, can be a portable unit, a mobile unit,
or a stationary unit. The user terminal 110a may also
be referred to as a mobile unit, a mobile terminal, a
mobile station, user equipment, a portable, a phone,
and the like. [0021] User terminal HOa typically
communicates with one or more base stations 120, here
depicted as a sectored cellular tower. The user
terminal 110a will typically communicate with the base
station 120 that provides the strongest signal
strength at a receiver within the user terminal 110a.
[0022] Base station 120 can be coupled to a Base
Station Controller (BSC) 130 that routes communication
signals to and from the appropriate base station 120.
The BSC 130 is coupled to a Mobile Switching Center
(MSC) 140 that can be configured to operate as an
interface between the user terminal 110a and a Public
Switched Telephone 



Network (PSTN) 150. The MSC 140 can also be configured
to operate as an interface between the user terminal
110a and gateway 162 coupled to a network 160. The
network 160 can be, for example, a Local Area Network
(LAN) or a Wide Area Network (WAN). In one embodiment,
the network 160 includes the Internet. Therefore, the
MSC 140 is coupled to the PSTN 150 and network 160.
The MSC 140 can also be configured to coordinate
inter-system handoffs with other communication systems
(not shown). In another embodiment, the base station
120 may be referred to asa Node B. In another
embodiment, the system 100 can implement a Packet Data
Serving Node (PDSN) in place or in addition to the
PSTN 150. The PDSN can operate to interface a packet
switched network with the wireless portion of the
system 100. [0023] Each of the User terminals 110a and
110b can also be configured to communicate with a
wireless station 180. The wireless station 180 can be,
for example a bi-directional wireless access point, a
unidirectional broadcast terminal, or some other
wireless station configured to communicate with the
user terminals 110a and 110b. [0024] Wireless station
180 may operate over one or more frequency bands that
can be contiguous or distinct. Additionally, a first
wireless station, for example 180, may operate in a
first frequency band while a second wireless station
(not shown) may operate in a second frequency band
distinct from the first frequency band. The user
terminals 110a and 110b can be configured to support
communication over multiple frequency bands
corresponding to one or more wireless stations 180.
[0025] In one embodiment, the wireless station 180 can
be coupled to a broadcast media source 182 that can
provide media that is broadcast to one or more user
terminals HOa and HOb. The wireless station 180 can
also be coupled to a network 160. Although Figure 1
depicts the wireless station 180 as coupled to the
same network 160 that is coupled to the gateway 162
and MSC 140, the network 160 is not required to be the
same and can be distinct. The network 160 can include
one or more switches, hubs, or routers configured to
allow communication to one or more communication
devices (not shown) coupled to the network 160.
Therefore, in some embodiments, the user terminals
110a and 110b can be configured to wirelessly
communicate with one or more devices coupled to the
network 160 via the wireless station 180. [0026]
Wireless station 180 can be configured to utilize OFDM
communications in both 



the forward link and reverse link. Alternatively,
where the wireless station 180 is configured to
support unidirectional communications, the wireless
communication may implement OFDM communications across
that communication link. The term forward link refers
to the communication link from the wireless station
180 to the user terminals 110a and 110b, and the term
reverse link refers to the communication link from the
user terminals HOa and HOb to the wireless station
180. [0027] In systems providing for bi-directional
communications, both the wireless station 180 and the
user terminals 110a and 110b may allocate resources
for channel and interference estimation. For example,
both the wireless station 180 and the userterminals
110a and HOb may broadcast pilot signals that are used
by the corresponding receivers for channel and
interference estimation. [0028] For the sake of
clarity, the description of the system embodiment
discusses allocation of resources for channel and
interference estimation in the forward link, and
adaptive time filtering of channel estimates
implemented in the forward link receiver. However, it
is understood that adaptive time filtering of channel
estimates is not limited to application in the forward
link receiver, but may be used in both the forward
link receiver as well as a reverse link receiver, or
may be implemented in one communication link exclusive
of the other. [0029] Wireless station 180 can be
configured to broadcast a common pilot signal as a
resource allocated to channel and interference
estimation. The common pilot signal can include a
number of tones selected from the OFDM frequency set.
For example, the common pilot signal can be formed
from uniformly spaced tones selected from the OFDM
frequency set. The uniformly spaced configuration may
be referred to as a staggered pilot signal. In other
embodiments, the pilot signals can include one or more
dedicated pilot signals or a combination of common
pilot signals with one or more dedicated pilot
signals. [0030] A common pilot signal can include one
or more sets of tones selected from the OFDM frequency
set and can transmit one of the sets of tones based on
a predetermined sequence or algorithm. In one
embodiment, the common pilot signal can be one of two
distinct tone sets, and the wireless station 180 can
alternate between the two distinct tone sets. This
configuration can be referred to as a staggered pilot
configuration. 



[0031] The common pilot signal and modulated data
experience distortion and degradation attributable, in
part, to the channel. The user terminals HOa and HOb
can receive the common pilot signal along with
modulated data from the wireless station. The time
domain signal received by the user terminal can be
modeled as y(t) = s(t)*h(t) + i(t) + n(t), where s(t),
h(t), i(t) and n(t) represent, respectively, the
modulated data, the channel, the interference, and
additive noise. The symbol "*" refers to the
convolution operator. [0032] The user terminals 110a
and 110b can each determine a channel and interference
estimate based on the common pilot signals, and may
determine the estimate in the frequency domain,
although a time domain estimate may be determined
instead of, in addition to, or in combination with the
frequency domain estimate. The user terminal 110 can
then demodulate the received signal to recover the
data.[0033] User terminals HOa and HOb can estimate
the channel using the uniformly spaced pilot tones
inserted in the frequency domain in every OFDM symbol.
Channel estimates based on the pilot tones occurring
in each OFDM symbol may be referred to as raw channel
estimates. [0034] In some instances, it may be
advantageous to obtain a longer channel estimate. For
example, a longer channel estimate may be advantageous
for fine timing synchronization as well as scenarios
where the channel has a delay spread that is larger
than a cyclic prefix used in the OFDM symbols. [0035]
The time-domain channel taps can be longer than the
cyclic prefix of the OFDM system. The taps that are
within the length of the cyclic prefix are referred to
as the actual channel. The excess channel refers to
the portion of the time-domain channel taps that
exceed the length of the cyclic prefix. [0036] The raw
channel estimate, which is of length of the cyclic
prefix, can be obtained based on the pilot tones in
each OFDM symbol as previously described. The raw
channel estimate is an aliasing of the actual channel
taps and the excess channel taps. By time-filtering
the raw channel estimates across one or multiple OFDM
symbols with proper weights, the aliasing of the
actual and the excess channel taps can be resolved. A
longer channel estimate can thus be obtained by
concatenating the actual channel estimate and the
excess channel estimate. 



[0037] Therefore, in the embodiment described above,
the pilot tones are staggered across OFDM symbols. The
wireless station 180 can alternately broadcast a first
pilot tone set and a second pilot tone set in
successive symbols. The raw channel estimates across
multiple OFDM symbols can be filtered to resolve the
actual and excess channels. The actual channel
estimate can be combined with the excess channel
estimate to produce a longer channel estimate than can
be obtained using solely the actual channel. Here, the
term "longer" is relative to the length of the channel
estimate based solely on the actual channel. [0038]
The receiver in each user terminal 110 a and 110b can
implement time filtering of the channel estimates. The
user terminals 110a and 110b can time filter the
channel estimates to further improve the quality of
the channel estimates. Time filtering of channel
estimates can be used to suppress the noise variance
in the channel estimate through noise averaging. Time
averaging channel estimates can also operate to cancel
or effectively reduce linear time variation of channel
taps. Time filtering of channel estimates can also be
used to cancel or effectively reduce channel aliasing
and toproduce a channel estimate longer than a cyclic
prefix used in the OFDM symbols. The latter advantage
can be particularly beneficial in the presence of
excess delay spread. [0039] The receiver performs time
filtering of the channel estimates for each time
domain tap individually. Filtering the channel
estimates in the time domain can be particularly
advantageous to allow the combination of the actual
channel with the excess channel in the determination
of the channel estimate. It is more difficult to
filter the pilots in the frequency domain because the
pilots across successive symbols may not occur in the
same tones. [0040] The optimal time filter to apply to
the channel estimates can vary depending on the
operating conditions of the receiver. In some
conditions, a three tap filter can be advantageous,
whereas in other operating conditions a single tap
filter may be advantageous. When the receiver
implements a multiple tap filter, the filter can be
implemented as a causal filter or a non-causal filter.
As used herein, the term "noncausal" refers to the use
of later arriving or later derived information. For
example, a non-causal time filter for a channel
estimate corresponding to a particular symbol can
depend on later derived channel estimates. Thus, in
relation to the particular symbol 



time, the time filter is non-causal. The receiver in
the user terminals HOa and HOb can modify the
characteristics of the time filter based in part on
the operating conditions. [0041] A first user terminal
110a can, for example, communicate with the wireless
station 180 over a first operating frequency band.
Additionally, the first user terminal HOa can be
relatively stationary while communicating with the
wireless station 180. [0042] A second user terminal
110b can, for example, communicate with the wireless
station 180 over a second operating frequency band
that is greater than the first operating frequency
band. The second user terminal 110b can also have a
velocity relative to the wireless station 180. For
example, the second user terminal HOb can be located
within a moving vehicle. [0043] In the described
operating conditions, the first user terminal 110 may
experience substantially little or no non-linear
channel variations, while the second user terminal
110b may experience significant non-linear variation
of the channel. It may be advantageous for the first
user terminal 110a to implement a three tap non-causal
time filter for the channel estimates. However, if the
second user terminal 110b experiences a relatively
high velocity, a non-linear variation in the channel
across symbols resulting from the relatively large
Doppler spread may be significant. In such a scenario,
the second user terminal 110b can advantageously
adjust the channel estimate time filter toprovide a
single tap filter response. The single tap time filter
response can provide better performance than using the
three tap non-causal time filter. [0044] The various
user terminals 110a and HOb can vary the parameters of
the channel estimate time filter based in part on
operating conditions. The first user terminal 110a may
vary the characteristics of the time filter as the
first user terminal 110a becomes mobile. Similarly,
the second user terminal 110b can vary the
characteristics of its time filter as the velocity of
the second user terminal 110b decreases or ceases.
[0045] A user terminal, for example 110a, can be
configured with a plurality of predetermined time
filters, and which time-filtering mode to be used can
be determined by software. In another embodiment, the
switching between different modes can also happen
dynamically during operation of the user terminal HOa.
[0046] Velocity is used as an example of an operating
condition that contributes to non linear time
variation of the channel across symbols. The user
terminals 110a and 110b 



are not limited to varying the characteristics of the
adaptive time filter based on relative velocity of the
user terminal. [0047] As described above, in one
embodiment, the user terminal HOa or HOb can change
the time-filtering coefficients and/or length based on
the estimated Doppler spread/vehicular speed. [0048] A
user terminal 110a can estimate the Doppler spread of
the channel by estimating the time-correlation of the
channel taps across OFDM symbols. Specifically, the
user terminal uses the channel estimates across OFDM
symbols to calculate the estimated time-correlation of
the channel. The estimated channel time-correlation is
then compared to one or more predetermined thresholds
to determine if time-filtering mode needs to be
switched. [0049] A user terminal 110a or 110b can also
implement two or more sets of timefiltering blocks for
channel estimation. The user terminal, for example
110a can perform noise estimation at the output of
each block and use the noise estimate to determine
time-filtering mode selection. Similarly, the user
terminal, for example 110a, can decode symbols and
determine a PER (packet-error-rate) for a plurality of
timefiltering blocks, and can use the PER to select
the best time-filtering mode. The user terminals 110a
and 110b can also apply adaptive filtering algorithms
and adapt the timefiltering coefficients. [0050]
Figure 2 is a simplified function block diagram of an
embodiment of a receiver 200 with adaptive channel
estimate time filtering. The receiver 200 can
beimplemented, for example, in each of the user
terminals 110a and 110b of the system 100 of Figure 1
to process forward link communications from the
wireless station 180. Alternatively or additionally,
the receiver 200 can be implemented in the wireless
station 180 of the system 100 of Figure 1 to process
reverse link communications from one or more of the
user terminals 110a and 110b. [0051] The description
of the receiver 200 of Figure 2 will be in the context
of a receiver 200 configured to receive forward link
communications from a wireless station. However, as
noted above, the receiver 200 is not limited to
forward link communications . [0052] Receiver 200
includes an antenna 202 configured to receive the
forward link 



signals in the operating band of interest. The
receiver 200 can be configured to operate across
multiple frequency bands supporting wireless
communications in each of the frequency bands. For
example, the antenna 202 can be configure to receive
signals in the operating frequency band corresponding
to a wireless telephone system. The antenna 202 can
also be configured to support one or more frequency
bands allocated to forward link signals from one or
more wireless stations. For example, the receiver 200
may be configured to receive a first wireless signal
from a first wireless station operating in a first
operating frequency band, which may be, for example,
an Ultra-High Frequency (UHF) frequency band. The
receiver 200 can also be configured to receive a
second wireless signal from a second wireless station
operating in a second operating frequency band, which
may be, for example, a Multi-channel Multipoint
Distribution Service (MMDS) operating at microwave
bands near 2.6 GHz. The antenna 202 can be configured
as a multiple band antenna or can be configured as a
plurality of antennae, each configured to support one
or more portions of the total operating frequency
bands. [0053] Antenna 202 is coupled to a receiver
front end module 210 that can be configured to tune to
a channel from the operating band and process the
received RF signal to a baseband or near baseband
signal. The receiver front end module 210 can be
configured, for example, to tune to the desired
operating frequency, filter, downconvert, and amplify
the received signal. For example, the receiver front
end module 210 may include one or more programmable
Local Oscillators (LOs) that can be selectively tuned
to a desired frequency, thereby tuning the receiver
front end module 210 to a desired operating frequency
band. [0054] Output from the receiver front end module
210 is coupled to an Analog to Digital Converter (ADC)
220 that is configured to convert an analog
representation ofthe received signal to a digital
representation for digital signal processing. The
output of the ADC 220 is coupled to a channel
estimator 230. The output of the ADC 220 can also be
coupled to a demodulator 260. [0055] Channel estimator
230 can be configured to determine a channel estimate
based in part on the received signal. In one
embodiment, the channel estimator 230 can be
configured to estimate the channel based on a portion
of the received signal that is received concurrently
with portions of the received signal that convey data.
For 



example, the received signal can be an OFDM signal and
a subset of the tones can be configured as pilot
tones. The channel estimator 230 can operate on the
subset of tones configured as pilot tones. [0056] In
another embodiment, the received signal can be time
multiplexed, and a portion of the multiplexed signal
can be a pilot signal or some other predetermined
signal. The channel estimator 230 can demultiplex the
received signal and operate on the portion of the
received signal having the pilot signal or other
predetermined signal. In one embodiment, the
multiplexed received signal can be a code division
multiplexed signal, and a pilot signal can correspond
to a predetermined code. The channel estimator 230 can
extract the pilot signal from the received signal, for
example through correlation, and determine the channel
estimate based on the pilot signal. In another
embodiment, the received signal can be a time
multiplex signal, and a portion of the time multiplex
signal can correspond to a pilot signal or some other
predetermined signal. The channel estimator 230 can be
configured to demultiplex the received signal, for
example through time synchronization, to extract the
pilot signal or other predetermined signal and
determine the channel estimate. [0057] An output of
the channel estimator 230 or a signal or control
generated or used by the channel estimator 230 can be
coupled to a switching criteria module 240. The
switching criteria module 240 can be configured to
determine an operating condition of the receiver 200,
and based at least in part on the operating condition,
configure an adaptive time filter 250. [0058]
Switching criteria module 240 can include memory or
buffers for storage of channel estimates. In one
embodiment, the switching criteria module 240 can
determine an adaptive time filter configuration based
on a correlation of multiple channel estimates. [0059]
Switching criteria module 240 can also be coupled to
other modules within the receiver 200. For example,
the switching criteria module 240 can be coupled to
thereceiver front end module 210 or a controller (not
shown) coupled to the receiver front end module 210.
In other embodiments, the switching criteria module
240 can be configured to receive one or more inputs
from multiple sources. The multiple sources can
include software or user input received via a user
interface. In other embodiments, 



the switching criteria module 240 can be configured to
receive and determine the adaptive time filter
configuration based at least in part on an estimated
Doppler spread of the channel, a channel time
variation, a noise estimate at the output of each time
filtering block, a decoded packet error rate or bit
error rate from the output of the demodulator, an
operating frequency band, or some other criteria. For
example, the switching criteria module 240 can
determine an operating frequency band of the receiver
front end module 210 and determine an adaptive time
filter configuration based at least in part on the
operating frequency band. [0060] For example, the
switching criteria module 240 may configure the
adaptive time filter to a first mode or configuration
if the received signal lies within an operating
frequency band that is sufficiently low so as to make
the effects of Doppler negligible. The switching
criteria module 240 may configure the adaptive time
filter to one of a plurality of alternative modes or
configurations if the received signal lies within an
operating frequency band that is sufficiently high so
as to make Doppler effects more significant. In the
second scenario, the switching criteria module 240 may
consider additional factors, such as channel estimate
time correlation, when determining the adaptive time
filter configuration. [0061] Switching criteria module
240 need not have knowledge of the actual operating
frequency band, but can instead, make frequency
dependent decisions based on a Local Oscillator (LO)
control information or on some other information that
correlates to operating frequency band. [0062] In
another embodiment, the switching criteria module 240
can be configured to receive user input or some other
input. The switching criteria module 240 can then
determine the adaptive time filter configuration based
on the input. For example, the switching criteria
module 240 may be coupled to a user interface that
allows for software control of the adaptive time
filter configuration. The user interface can be
configured, for example, to provide for multiple
operating modes, such as stationary, mobile, vehicle,
and the like. The user can select one of the operating
modes and software associated with the user interface
can control the switching criteria module 240 to
control the adaptive time filter to a configuration
corresponding to the selected mode.[0063] In another
embodiment, the switching criteria module 240 can be
configured to 



receive input from an external device or input (not
shown). For example, the receiver 200 can be
implemented in a user terminal that can function as a
cellular telephone. The user device can receive or
otherwise generate a control signal to the switching
criteria module 240 when the user terminal is placed
in a hands free car adapter. The switching criteria
module 240 can then configure the adaptive time filter
based on the external input. [0064] Therefore, the
characteristics of the adaptive time filter 250 can be
modified dynamically or through software or hardware
control modes. The output of the channel estimator is
coupled to the adaptive time filter 250. The adaptive
time filter 250 time filters the channel estimates
based on control and parameters supplied by the
switching criteria module 240. [0065] Adaptive time
filter 250 can be configured to have a plurality of
predetermined configurations or modes. For example,
the adaptive time filter 250 can store filter
coefficients corresponding to a plurality of
configurations, and the switching criteria module 240
can select the configuration. The adaptive time filter
250 can be configured to have the general form: ,
[0066] where a_n ,..., ani are the time filter
coefficients, and vector h(i) is the timedomain
channel estimate of symbol i . [0067] In one
embodiment, the adaptive time filter 250 can store
coefficients for two distinct filters. A first time
filter can be a three tap non-causal filter and a
second time filter can be a single tap filter. The
single tap filter can essentially correspond to no
time filtering of the channel estimates. In such an
embodiment, the switching criteria module 240 can
select between the three tap non-causal time filter
and no time filtering. [0068] The time filtered
channel estimate is output from the adaptive time
filter 250 to the demodulator 260. The demodulator 260
extracts the portion of the digitized received signal
corresponding to the data or information and
demodulates the signal using the channel estimate. The
output of the demodulator 260 can be coupled to output
devices (not shown) or some other destination within
the receiver. By adapting the time filter
characteristics, the receiver is able to optimize the
channel estimate for varying 



operating conditions.[0069] Figure 3 is a simplified
functional block diagram of an embodiment of a
baseband processing portion 300 of a receiver. The
receiver can be, for example, the receiver of Figure
2. The baseband portion 300 of the receiver is
configured for OFDM communications. The baseband
portion is configured to operate on an OFDM signal
implementing a staggered pilot, and can estimate the
channel based on the staggered pilot. [0070] The
baseband portion 300 includes an ADC 220 configured to
transform an analog representation of the received
signal to a digital representation. The output of the
ADC 220 is coupled to a serial to parallel converter
310, which can be configured as a buffer. The serial
to parallel converter 310 is configured to reformat
the serial data stream to a parallel data stream
having a plurality of signal paths. The number of
signal paths, here denoted as N, is predetermined for
the OFDM system and corresponds to the number of
distinct tones. [0071] The serial to parallel
converter 310 couples the N parallel signal paths to a
frequency transformation stage, here depicted as a
Fast Fourier Transform(FFT) module 320. The FFT module
320 transforms the N time domain taps to N frequency
domain taps. The output of the FFT module 320 can be
coupled to a channel estimator 230 as well as a data
extraction module 330. [0072] Channel estimator 230 is
configured to estimate the channel at each of the
frequency taps that corresponds to a pilot tone. The
staggered pilot can be configured as P uniformly
spaced pilot tones among the N subcarriers. In one
embodiment, there may be N=4096 subcarriers and P=512
pilot tones allocated per OFDM symbol. In such an
embodiment, the pilot tones are uniformly spaced each
eight subcarriers. [0073] Channel estimator 230
includes a pilot extraction module 340 configured to
extract those tones from the FFT output corresponding
to the pilot tones. The pilot extraction module 340
can be configured to synchronize with the OFDM
symbols, such that the proper tones are extracted
where the OFDM system uses a staggered pilot. [0074]
The output of the pilot extraction module 340
corresponds to a P-wide parallel channel, which can be
analyzed as a vector of dimension P. The P pilot
signals are coupled to a descrambler 350 that can be
configured to descramble the pilot signals and 



derive the channel estimates corresponding to each of
the pilot tones. Each pilot tone can be encoded
according to a predetermined pilot sequence and may be
phase shifted by a predetermined phase shift that can
depend on the assigned subcarrier. The descrambler 350
operates to compensate for any predetermined phase
shift and decodethe pilot tone in order to recover a
frequency domain channel estimate for each frequency.
[0075] The output of the descrambler 350 can be
coupled to a transform module, here implemented as an
Inverse FFT (IFFT) that operates to transform the
frequency domain channel estimates to a P tap time
domain channel estimate. The dimension of the IFFT can
be the same as the dimension of the FFT used to
transform the received signals to the frequency
domain. The P tap time domain channel estimate is the
output of the channel estimator 230. [0076] The output
of the channel estimator 230 can be coupled to the
adaptive time filter 250 as well as to a switching
criteria module 240. The adaptive time filter 250 can
be configured, for example, to store coefficients for
two separate time filters. A first time filter can be
a three tap non-causal time filter having the form:
[0077] A second time filter can be a single tap filter
corresponding to no time filtering. That is, the
output of the adaptive time filter 250 corresponds to
the channel estimate output from the channel estimator
230. [0078] Switching criteria module 240 can be
configured to determine an estimated Doppler spread or
relative velocity by examining successive outputs from
the channel estimator 230. The switching criteria
module 240 can, for example, estimate the time
correlation of the channel taps across OFDM symbols.
Specifically, the switching criteria module 240 can
use the channel estimates across OFDM symbols to
calculate the estimated time correlation of the
channel. The switching criteria module 240 can compare
the estimated channel time correlation against one or
more predetermined thresholds to determine if the
time-filtering mode needs to be switched, and to
determine which time filtering mode to apply. Each of
the predetermined thresholds can correspond to a
Doppler spread or other similar non-linear time
variation of channel taps. [0079] For example, the
switching criteria module can be configured to
determine a 



channel time correlation using the equation: >; = j
h2(n,k) -j  h2(n-l,k)[0080] In the time correlation
equation, n is the OFDM symbol index, k is the
timedomain channel tap index, h(n,k) is the k-th tap
of the time-domain channel estimate for symbol n. In
the above equation, the channel time correlation is
obtained from the channel estimates of two adjacent
OFDM symbols. [0081] If an excess channel is
available, the adaptive time filter 250 can separately
store channel estimates for the excess channel. The
switching criteria module 240 can determine if the
channel estimate used by the demodulator 260 should
include the excess channel estimates or only include
the actual channel estimates. The switching criteria
module 240 can make the decision to use the excess
channel using a variety of factors. For example, the
switching criteria may calculate and compare the
energy of the actual channel and the energy of the
excess channel. The switching criteria module 240 can
also estimate the time correlation of the channel. The
switching criteria module 240 can use the combination
of the energy difference and estimated time
correlation of the channel to determine if the excess
channel is to be used in the channel estimate. [0082]
In another embodiment, the adaptive time filter 250
can implement two or more sets of channel estimation
time filtering blocks. The switching criteria module
240 can determine noise estimates at the output of
each block and can use the noise estimates to
determine which time-filtering mode to select.
Similarly, decoding PER (packet-errorrate) or decoding
a Bit Error Rate (BER) for all time-filtering blocks
can also be used to select the best time-filtering
mode. [0083] For example, let h{k) be the time
filtered time-domain channel estimate before
thresholding, and h (k) be the time filtered
time-domain channel estimate after the thresholding
operation, where k is the index for the time-domain
taps. The noise estimate of the time filtered channel
estimate can be: | (*)- (*)|2 k [0084] The output of
the adaptive time filter 250 represents the time
domain channel estimates that the baseband portion 300
optimized based on the operating conditions of 



the receiver. The output of the adaptive time filter
250 is coupled to a transform module, here implemented
as an FFT module 370, that transforms the time
filtered channel estimates to the frequency domain.
The FFT module 370 can be of the same order used to
transform the received signal samples to the frequency
domain. The output of the FFT module 370 is coupled to
the demodulator 260.[0085] As described above, the
first FFT module 320 provides the frequency domain
subcarrier information to the data extraction module
330. The data extraction module 330 operates on the
subcarriers to map the subcarriers carrying
information to the demodulator 330. The data
extraction module 330 can, for example, couple those
subcarriers allocated to data and not allocated to
pilot to the demodulator 260. The demodulator 260 uses
the optimized frequency domain channel estimates to
demodulate the data subcarriers. [0086] Figures 4A-4B
are simplified functional block diagrams of
embodiments of adaptive time filters 250. The adaptive
time filter 250 embodiments can be used, for example,
in the receiver shown in Figure 2 or the baseband
portion shown in Figure 3. The adaptive time filter
250 embodiments can operate on a channel tap basis for
those communication systems, such as OFDM
communication systems, having more than one channel
tap. Therefore, in an OFDM system having 512 channel
taps for channel estimation, the adaptive time filter
250 embodiments can be configured to perform vector
operations of dimension 512. [0087] An adaptive time
filter 250 embodiment shown in Figure 4A includes a
plurality of registers 410a-410e, which may
alternatively be implemented as memory locations,
buffer locations, and the like, or some other type of
storage. The adaptive time filter 250 of Figure 4A is
configured to have the ability to provide a non-causal
time filter response of up to nl+n2+l taps. The
adaptive time filter 250 is configured to provide up
to nl non-causal taps and up to n2+l causal taps. The
number of non-causal taps does not need to be
substantially the same as the number of causal taps.
In other embodiments, the number of non-causal taps
can be substantially the same as the number of causal
taps. For example, n2 can be set to equal nl in some
embodiments. In other embodiments, the adaptive time
filter 250 may be configured to provide only a causal
filter response. 



[0088] Each of the registers 410a-410e can be coupled
to a corresponding amplifier 420a-420e. The outputs
from the amplifiers 420a-420e are summed in a
plurality of summers 430a-430c to provide a single
time filtered output. [0089] Storage 422 or memory can
be configured to store a plurality of gain
coefficients corresponding to a plurality of time
filter configurations. One or more of the time filter
configurations may have a filter response that is
shorter than 2n+l taps. Therefore, one or more of the
coefficients can be zero for some of the time filter
configurations.[0090] For time filter configurations
shorter than 2n+l taps, the time filter does not need
to store 2n+l channel estimates in order to provide
the time filtered channel estimate. For example, one
filter configuration can correspond to a three tap
non-causal filter with the tap weights set to (1/4,
1/2, 1/4) for the k+1, k, and k-1 channel estimates.
If the excess channel is included in the channel
estimates, the three tap weights for the excess
channel can be (-1/4, 1/2, -1/4), and can include a
phase shift associated with the excess channel. [0091]
For this filter configuration, only three channel
estimates are used, and the time filter need only
maintain three channel estimate values, one prior
value, the value corresponding to the present symbol,
and the value corresponding to the next arriving
symbol. Another filter configuration can correspond to
a single tap filter, which essentially corresponds to
no time filtering. [0092] The adaptive time filter 250
can receive a signal or message from the switching
criteria module indicating which of the configurations
is desired. The adaptive time filter 250 retrieves
from storage 422 the coefficients corresponding to the
selected configuration, and applies the coefficients
to the appropriate gain stages. [0093] In another
embodiment, the storage 422 can include one or more
generator polynomials and the adaptive time filter 250
can use the one or more generator polynomials to
determine the gain coefficients. In this embodiment,
the time filter characteristic are not limited to
discrete predetermined characteristics, but may vary
in a manner that is essentially continuous. [0094]
Figure 4B is another embodiment of an adaptive time
filter 250. The adaptive time filter 250 includes a
plurality of time filters 450a-450c, each configured
to provide a distinct time filter response. The
individual time filter responses can be configured to 



provide a response that is non-causal or causal. In
one embodiment, one of the time filters 450a-450c can
be configured as a single tap time filter, essentially
providing no time filtering of the channel estimates.
[0095] Each of the plurality of time filters 450a-450c
can have its output coupled to an input port of a
switch or multiplexer 460. The multiplexer 460 can
include a control input that is controlled by the
switching criteria module to select a desired one of
the time filter responses. [0096] In one embodiment,
the switching criteria module can perform noise
estimation at the output of each time filter 450a-450c
and use the noise estimate to determine the
time-filtering mode that is selected via the
multiplexer 460. In another embodiment, theswitching
criteria module can successively provide each of the
channel estimates to a demodulator and the switching
criteria module can use decoding PER for each time
filter 450a-450c to select the best time-filtering
mode. [0097] Figure 5 is a simplified flowchart of an
embodiment of a method 500 of adaptive time filtering
of channel estimates. The method 500 represents one
embodiment of adaptive time filtering of channel
estimates based on receiver operating conditions and
does not represent the only manner in which a receiver
can perform adaptive time filtering of channel
estimates. [0098] The method 500 can be performed, for
example, by the receiver of Figure 2 when implemented
in a system such as that shown in Figure 1. For
example, a receiver can perform the adaptive time
filtering of the channel estimates derived from
signals broadcast by the wireless station. The method
500 describes operation of a receiver in an OFDM
system having a subset the total number of subcarriers
allocated as pilot tones during each symbol. [0099]
The method 500 begins at block 510 where the receiver
receives OFDM symbols, for example, from a wireless
station. As described above, the OFDM symbols may
include a staggered pilot, where a subset, P, of the
total number of available subcarriers, N, is
configured as a pilot. [00100] The receiver proceeds
to block 520 and transforms the time domain samples,
or taps, into a frequency domain representation. The
receiver can implement an FFT to transform the time
domain taps to the corresponding frequency domain 



subcarriers. [00101] The receiver proceeds to block
530 and extracts the pilot subcarriers from the FFT
output. In the case of a staggered pilot, the identity
of the pilot subcarriers can follow a predetermined
pattern. The receiver can synchronize with the symbol
timing in order to accurately determine which
subcarriers within a received symbol correspond to the
pilot subcarriers. [00102] The receiver proceeds to
block 540 and determines the channel estimate
corresponding to the extracted pilot subcarriers. The
pilot is a known sequence. Therefore, the receiver can
use the a priori knowledge of the transmitted signal
when determining the channel estimate. The receiver
can descramble each of the pilot subcarriers according
to its predetermined pilot sequence. The result is the
frequency domain channel estimate. The receiver can
transform the channel estimates to thefrequency domain
in order to determine a channel estimate vector having
P distinct channel estimates corresponding to P time
domain taps. [00103] The receiver proceeds to block
550 and determines an operating condition of the
receiver. For example, the receiver can determine the
channel variation across symbols. The receiver can
store the channel estimates in memory or some other
storage and can compare the channel estimates across
two or more symbols. The receiver can, for example,
determine a time correlation of channel estimates
across symbols and can compare the correlation against
one or more thresholds. Each threshold can correspond,
for example, to a level of channel time variation that
can be optimally compensated using one of a plurality
of distinct channel time filters. Thus, the range of
correlations can correspond to a particular time
filter configuration. The receiver can correlate the
channel estimates on a per-tap basis for a system,
such as an OFDM system, having a channel estimate of
greater than one dimension. [00104] As an example, a
low correlation of channel estimates across symbols
can suggest a large linear channel variation, which
can be a combination of both linear and non-linear
channel variation. The channel time variation can be
due to Doppler spreading attributable to a relatively
large Doppler spread. In such an operating
environment, the demodulator performance may be
improved by substantially reducing or eliminating time
filtering of channel estimates. 



[00105] After determining the channel variation, the
receiver proceeds to block 560 and determines a
channel estimate time filter configuration based on
the variation. As described above, each range of
channel time correlation values can correspond to a
distinct time filter configuration. One of the time
filter configurations can correspond to a single tap
time filter, which essentially corresponds to no time
filtering of the channel estimates. Where the selected
channel estimate time filter corresponds to a
non-causal filter, the receiver may need to buffer, or
otherwise store, the channel estimates as well as all
of the signal subcarrier values for a number of
symbols sufficient for the determination of the
non-causal time filter value. [00106] The receiver
proceeds to block 570 and configures an adaptive time
filter to the desired configuration. The receiver then
filters the channel estimates according to the time
filter. [00107] Apparatus for performing adaptive time
filtering of channel estimates and method for
implementing adaptive time filtering have been
described. A receiver can determine multiple channel
estimates over time and can adaptively time filter
thechannel estimates based at least in part on a
receiver operating environment. The receiver can
implement a plurality of predetermined time filter
configurations and select one of the time filter
configurations based on the operating environment. The
receiver can determine the operating environment
independently or may receive some external control or
input that indicates the operating environment.
[00108] The various illustrative logical blocks,
modules, and circuits described in connection with the
embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital
signal processor (DSP), a Reduced Instruction Set
Computer (RISC) processor, an application specific
integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to
perform the functions described herein. A general
purpose processor may be a microprocessor, but in the
alternative, the processor may be any processor,
controller, microcontroller, or state machine. A
processor may also be implemented as a combination of
computing devices, for example, a combination of a DSP
and a microprocessor, a plurality of microprocessors,
one or more microprocessors 



in conjunction with a DSP core, or any other such
configuration. [00109] A software module may reside in
RAM memory, flash memory, non volatile memory, ROM
memory, EPROM memory, EEPROM memory, registers, hard
disk, a removable disk, a CD-ROM, or any other form of
storage medium known in the art. An exemplary storage
medium is coupled to the processor such the processor
can read information from, and write information to,
the storage medium. In the alternative, the storage
medium may be integral to the processor. [00110] The
steps of a method, process, or algorithm described in
connection with the embodiments disclosed herein may
be embodied directly in hardware, in a software module
executed by a processor, or in a combination of the
two. The various steps or acts in a method or process
may be performed in the order shown, or may be
performed in another order. Additionally, one or more
process or method steps may be omitted or one or more
process or method steps may be added to the methods
and processes. An additional step, block, or action
may be added in the beginning, end, or intervening
existing elements of the methods and processes.
[00111] The above description of the disclosed
embodiments is provided to enable any person of
ordinary skill in the art to make or use the
disclosure. Various modifications to these embodiments
will be readily apparent to those of ordinary skill
inthe art, and the generic principles defined herein
may be applied to other embodiments without departing
from the spirit or scope of the disclosure. Thus, the
disclosure is not intended to be limited to the
embodiments shown herein but is to be accorded the
widest scope consistent with the principles and novel
features disclosed herein.CLAIMS WHAT IS CLAIMED IS:
1. A method of obtaining channel estimates for
decoding signals from a communication link in a
wireless communication system, the method comprising:
determining a channel time variation; varying a
channel estimate time filter characteristic based in
part on the channel time variation; and filtering at
least one channel estimate according to the channel
estimate time filter characteristic. 2. The method of
claim 1, wherein determining the channel variation 



comprises: determining a first channel estimate
corresponding to a first received symbol; determining
a second channel estimate corresponding to a second
received symbol; correlating the first channel
estimate with the second channel estimate to determine
a channel correlation; and comparing the channel
correlation to at least one predetermined threshold.
3. The method of claim 2, wherein the at least one
predetermined threshold comprises at least one
predetermined threshold based in part on a receive
operating frequency band. 4. The method of claim 1,
wherein determining the channel variation comprises
determining a variation in a plurality of distinct
channel estimates, each channel estimate comprising an
actual channel estimate and an excess channel
estimate. 5. The method of claim 1, wherein
determining the channel variation comprises
determining a variation over a plurality of distinct
channel estimates, each channel estimate based on a
staggered pilot signal received during Orthogonal
Frequency Division Multiplex (OFDM) symbols.6. The
method of claim 1, wherein determining the channel
time variation comprises estimating a Doppler spread
of the channel. 7. The method of claim 1, wherein
determining the channel time variation comprises
determining the channel variation for a plurality of
subcarriers of distinct Orthogonal Frequency Division
Multiplex (OFDM) symbols. 8. The method of claim 1,
wherein determining the channel time variation
comprises determining a frequency domain time
variation of at least one subcarrier over distinct
Orthogonal Frequency Division Multiplex (OFDM)
symbols. 9. The method of claim 1, wherein determining
the channel time variation comprises determining a
variation of a time domain tap over distinct
Orthogonal Frequency Division Multiplex (OFDM)
symbols. 10. The method of claim 1, wherein
determining the channel time variation comprises
estimating a time correlation of a time domain tap
over distinct Orthogonal Frequency Division Multiplex
(OFDM) symbols. 



11. The method of claim 1, wherein varying the channel
estimate time filter characteristic comprises varying
the number of taps of a channel estimate time filter.
12. The method of claim 1, wherein varying the channel
estimate time filter characteristic comprises varying
at least one tap coefficient of a channel estimate
time filter. 13. The method of claim 12, wherein
varying the at least one tap coefficient comprises
selecting at least one tap coefficient from a
plurality of predetermined tap coefficients. 14. The
method of claim 1, wherein varying the channel
estimate time filter characteristic comprises
selecting one of a plurality of predetermined channel
estimate time filter characteristics. 15. The method
of claim 1, wherein varying the channel estimate time
filter characteristic comprises selecting one of a
three tap time filter and a single tap time filter.16.
The method of claim 1, wherein varying the channel
estimate time filter characteristic comprises
selecting one of a non-causal multi-tap time filter
and a single tap filter. 17. The method of claim 1,
wherein determining the channel variation comprises
determining a correlation of channel estimates across
distinct symbols, and wherein varying the channel
estimate time filter characteristic comprises
selecting one of a predetermined number of channel
estimate time filter characteristics based on the
correlation. 18. A method of optimizing channel
estimates for decoding signals from a communication
link in a wireless communication system, the method
comprising: filtering a channel estimate using each of
a plurality of channel estimation time filters to
generate a plurality of time filtered channel
estimates; selecting one of the plurality of channel
estimation time filters; and decoding a received
symbol using a time filtered channel estimate from the
selected one of the plurality of channel estimation
time filters. 19. The method of claim 18, wherein
filtering the channel estimate using each of the
plurality of channel estimation time filters
comprises: 



time filtering the channel estimate using at least one
additional distinct channel estimate in a multi-tap
time filter; and time filtering the channel estimate
using a single tap filter. 20. The method of claim 18,
wherein filtering the channel estimate using each of
the plurality of channel estimation time filters
comprises: time filtering the channel estimate in a
non-causal multi-tap time filter; and time filtering
the channel estimate using a causal time filter. 21.
The method of claim 18, wherein selecting one of the
plurality of channel estimation time filters
comprises: determining a noise estimate at an output
of each of the plurality of channel estimation time
filters; and selecting the one of the plurality of
channel estimation time filters based on the noise
estimates.22. The method of claim 18, wherein
selecting one of the plurality of channel estimation
time filters comprises: decoding the received symbol
using each of the plurality of channel estimation time
filters; determining an error rate value at an output
of each of the plurality of channel estimation time
filters; and selecting the one of the plurality of
channel estimation time filters based on the plurality
of error rate values. 23. The method of claim 22,
wherein the error rate comprises a Packet Error Rate
(PER). 24. The method of claim 22, wherein the error
rate comprises a Bit Error Rate (BER). 25. The method
of claim 18, wherein selecting one of the plurality of
channel estimation time filters comprises: receiving a
control input indicative of an operating mode; and
selecting the one of the plurality of channel
estimation time filters based on the operating mode.
26. The method of claim 25, wherein the control input
is received via a user 



interface. 27. The method of claim 18, wherein
selecting one of the plurality of channel estimation
time filters comprises: determining a receive
operating frequency band; and selecting the one of the
plurality of channel estimation time filters based on
the receive operating frequency band. 28. A method of
optimizing channel estimates for decoding signals from
a communication link in a wireless communication
system, the method comprising: receiving an Orthogonal
Frequency Division Multiplex (OFDM) symbol comprising
at least one pilot subcarrier; converting the received
symbol to a plurality of subcarriers; extracting at
least one pilot subcarrier corresponding to the pilot;
determining a channel estimate based at least in part
on the at least one pilot subcarrier; determining a
channel variation based on the channel estimate;
controlling a time filter to provide a channel
estimate time filter response based on the channel
variation; and filtering the channel estimate with the
time filter. 29. An apparatus for optimizing channel
estimates for decoding signals from a communication
link in a wireless communication system, the apparatus
comprising: a receiver front end configured to receive
a symbol over the communication link; a channel
estimator coupled to the receiver and configured to
determine a channel estimate based on the received
symbol; an adaptive time filter coupled to the channel
estimator and configured to time filter the channel
estimate; and a switching criteria module coupled to
the adaptive time filter and configured to control a
time filtering characteristic of the adaptive time
filter. 30. The apparatus of claim 29, wherein the
receiver front end is configured to receive an
Orthogonal Frequency Division Multiplex (OFDM) symbol.
31. The apparatus of claim 29, wherein the receiver
front end comprises a 



selectively tunable Local Oscillator (LO). 32. The
apparatus of claim 29, wherein the channel estimator
is configured to determine the channel estimate based
on a predetermined portion of the received symbol. 33.
The apparatus of claim 29, wherein the channel
estimator is configured to determine the channel
estimate based on a pilot signal included in the
received symbol. 34. The apparatus of claim 29,
wherein the channel estimator comprises: a pilot
extraction module configured to extract at least one
frequency subcarrier from a plurality of subcarriers
corresponding to a pilot subcarrier; anda descrambler
coupled to the pilot extraction module and configured
to descramble the at least one frequency subcarrier.
35. The apparatus of claim 34, further comprising a
transform module coupled to the descrambler and
configured to transform the at least one frequency
subcarrier to a time domain signal. 36. The apparatus
of claim 29, wherein the adaptive time filter
comprises a reconfigurable multi-tap time filter. 37.
The apparatus of claim 36, wherein the reconfigurable
multi-tap time filter comprises a plurality of
amplifiers, each amplifier having a tap weight
selectable from a plurality of predetermined plurality
of tap weights. 38. The apparatus of claim 29, wherein
the adaptive time filter comprises a time filter
alternatively configurable to one of a multi-tap time
filter or a single tap filter. 39. The apparatus of
claim 29, wherein the adaptive time filter comprises a
plurality of time filters, each time filter having a
distinct time filter characteristic. 40. The apparatus
of claim 29, wherein the adaptive time filter
comprises: a non-causal multi-tap time filter; and a
single tap time filter having an input coupled to in
common with an input of the non-causal multi-tap time
filter. 41. The apparatus of claim 29, wherein the
switching criteria module is coupled to the channel
estimator and is configured to control the time
filtering 



characteristic based on a correlation of the received
symbol with a previously received symbol. 42. The
apparatus of claim 29, wherein the switching criteria
module is configured to determine a noise estimate
corresponding to each of a plurality of time filtering
characteristics, and controls the time filtering
characteristic of the adaptive time filter based on
the noise estimates.43. The apparatus of claim 29,
further comprising a demodulator coupled to the
adaptive time filter and configured to demodulate the
received symbol based on a time filtered channel
estimate. 44. The apparatus of claim 43, wherein the
switching criteria module is configured to determine a
Packet Error Rate (PER) value of the demodulator for
each of a plurality of time filter characteristics,
and controls the time filter characteristic based on
the PER values. 45. An apparatus for optimizing
channel estimates for decoding signals from a
communication link in a wireless communication system,
the apparatus comprising: a first transform module
configured to transform a plurality of time domain
samples to a plurality of frequency domain
subcarriers; a channel estimator coupled to the first
transform module and configured to operate on a first
subset of the frequency domain subcarriers to generate
a channel estimate; an adaptive time filter coupled to
the channel estimator and configured to time filter
the channel estimate to produce a time filtered
channel estimate; a switching criteria module
configured to determine an operating condition and
control a time filtering characteristic of the
adaptive time filter; a data extraction module coupled
to the first transform module and configured to
extract a second subset of the plurality of frequency
domain subcarriers corresponding to data subcarriers;
and a demodulator coupled to the data extraction
module and the adaptive time filter and configured to
demodulate the data subcarriers using the time
filtered channel estimate. 46. The apparatus of claim
45, further comprising a second transform 



module coupling the adaptive filter to the
demodulator, the second transform filter configured to
transform the time filtered channel estimate to a
frequency domain representation. 47. The apparatus of
claim 45, wherein the channel estimator comprises: a
descrambler configured to descramble each of the first
subset of the frequency domain subcarriers to generate
frequency domain channel estimates; andan inverse
transform module configured to transform the frequency
domain channel estimates to time domain channel
estimates. 48. The apparatus of claim 45, wherein the
adaptive time filter comprises a reconfigurable
multi-tap time filter. 49. The apparatus of claim 45,
wherein the adaptive time filter comprises a plurality
of time filters, each time filter having a distinct
time filter characteristic. 50. The apparatus of claim
45, wherein the switching criteria module determines
the operating condition by correlating the channel
estimate with at least one additional distinct channel
estimate. 51. The apparatus of claim 45, wherein the
switching criteria module determines the operating
condition by receiving a software control indicative
of the operating condition. 52. The apparatus of claim
45, wherein the switching criteria module determines
the operating condition based on a comparison of a
plurality of noise estimates, each noise estimate
corresponding to a particular time filtering
characteristic. 53. The apparatus of claim 45, wherein
the switching criteria module determines the operating
condition based on a comparison of a plurality of
Packet Error Rate (PER) values, each PER value
corresponding to a particular time filtering
characteristic. 54. An apparatus for optimizing
channel estimates for decoding signals from a
communication link in a wireless communication system,
the apparatus comprising: means for determining a
channel variation; means for varying a channel
estimate time filter characteristic based in part on
the channel variation; and means for filtering at
least one channel estimate according to the channel 



estimate time filter characteristic. 55. The apparatus
of claim 54, wherein the means for determining the
channel variation comprises means for determining a
variation over a plurality ofdistinct channel
estimates, each channel estimate based on a staggered
pilot signal received during an Orthogonal Frequency
Division Multiplex (OFDM) symbol. 56. The apparatus of
claim 54, wherein the means for varying the channel
estimate time filter characteristic comprises means
for varying at least one tap coefficient of the means
for filtering at least one channel estimate. 57. An
apparatus for optimizing channel estimates for
decoding signals from a communication link in a
wireless communication system, the apparatus
comprising: means for filtering a channel estimate
according to a plurality of channel estimation time
filter characteristics to generate a plurality of time
filtered channel estimates; means for selecting one of
the plurality of channel estimation time filters; and
means for demodulating a received symbol using a time
filtered channel estimate from the selected one of the
plurality of channel estimation time filters. 58. The
apparatus of claim 57, wherein the means for selecting
one of the plurality of channel estimation time
filters comprises: means for determining a noise
estimate corresponding to each of the plurality of
channel estimation time filter characteristics; and
means for selecting the one of the plurality of
channel estimation time filter characteristics based
on the noise estimates. 59. The apparatus of claim 57,
wherein the means for selecting one of the plurality
of channel estimation time filters comprises: means
for demodulating the received symbol using each of the
plurality of channel estimation time filter
characteristics; means for determining a packet error
rate (PER) value corresponding to each of the
plurality of channel estimation time filter
characteristics; and means for selecting the one of
the plurality of channel estimation time filter
characteristics based on the plurality of PER values.
60. The apparatus of claim 57, wherein the means for
selecting one of the 



plurality of channel estimation time filters
comprises: means for receiving a control input
indicative of an operating mode; andmeans for
selecting the one of the plurality of channel
estimation time filter characteristics based on the
operating mode. 


